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ABSTRACT—A case-control study Involving interviews with the 
relatives of males who died of lung cancer (336 cases), larynx 
cancer (64 cases), and causes other than chronic respira¬ 
tory disease (361 controls) was undertaken to discover rea* 
sons for the high respiratory cancer mortality rates in coastal 
Virginia. An increased risk of lung cancer was associated 
with employment in area shipyards begun before 1950 (the 
relative risk, adjusted for cigarette smoking, was 1.7. with 95% 
confidence limits of 1.2-2.4). The excess risk was of the same 
order of magnitude among those who Worked only a few years, 
usually during World War II, as among those Whose careers were 
spent in the shipbuilding industry. No increase in iung! cancer 
was found among the smaller number of men who began work in 
the industry after 1949, although sufficient time may not yet have 
elapsed for lung tumors to be .expressed in this cohort. No 
overall excess of laryngeal cancer associated with shipbuilding 
was found, but a disproportionate number of blacks with this 
cancer worked in area shipyards before 1950 (the relative risk 
among blacks after adjustment for cigarette smoking was 2.4, 
with 95% confidence limits of 1.0-5.9). The actual handling of 
asbestos in shipyard duties Was not reported more often among 
the patients, but widespread shipyard exposures to asbestos 
during World War II appear to account for at least part of the 
elevated rates of respiratory cancer in coastal Virginia today.— 
JNCi 65: 571-575, 1980. 


The mapping of cancer mortality across U.S.' counties 
revealed that elevated rates for respiratory tumors, 
1950-69, often clustered in coastal areas (I, 2), particu¬ 
larly in southern counties where large shipyards were 
located during World War II (3). That the association 
may be causal was suggested by the increased risk of 
lung cancer found among residents of coastal Georgia 
who had been employed in shipyards that operated 
only during the war (4). This paper reports the results 
of a case-control interview study of lung and laryngeal 
cancers in another southern coastal region, Tidewater 
Virginia, where rates are high and where shipbuilding 
has long been a major source of employment. 

METHODS 

Computerized mortality listings from the State of 
Virginia were used to identify deaths among male 
Tidewater 3 residents. All 405 patients whose cause of 
death was recorded as primary lung cancer (ICD code 
162.1) during the year 1976 and all 87 patients who 
were reported to have died from cancer of the larynx 
(ICD code 161) during the years 1972-76 were selected 
for study. Age-adjusted mortality rates and rates for 10- 
year age groups according to race (white and black) 
were then calculated for each cancer with the use of 


provisional Tidewater census data from 1972 through 
1976 and compared with estimated U.S. rates for the 
corresponding periods (5). 

A total of 492 controls (with diseases other than 
respiratory cancer or chronic lung disease) were sys¬ 
tematically selected from the mortality listings to 
resemble the patients with respect to race, age, year of 
death, and county or city of residence. Controls died 
from turn respiratory cancer (15%), acute heart disease 
(32%), chronic heart disease (13%), cerebral vascular 
disease (9%), other circulatory disease (10%), digestive 
disease (4%), pneumonia (3%), accidents and violence 
(5%), and other causes (8%). 

Personal interviews were sought with the next of kin 
of the cancer patients and controls. The home inter¬ 
views were conducted by locally hired interviewers 
under the supervision of a professional survey organi¬ 
zation; a questionnaire similar to one applied else¬ 
where (4) was used. Information was obtained on the 
type, place, and length of employment for all jobs held 
for 6 months or more. Respondents were asked to 
describe the duties performed for each job and to list 
the materials handled during the course of work. The 
occupational section of the questionnaire was com¬ 
pleted by review of a checklist of industries (including 
shipbuilding) and materials handled (including as¬ 
bestos). The questionnaire also obtained information 


Abbreviations used: [CD = International Classification of Diseases, 
8th ed.; RR = relative risk(s). 
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on the study subject’s residential history and tobacco 
consumption habits. Questions on alcoholic beverage 
intake were asked for the laryngeal cancer patients 
and their corresponding controls. 

Interviews were completed with associates of 89% of 
the lung cancer patients, 80% of the larynx cancer 
patients, and 82% of the controls. Those interviewed 
were wives (63% patients and 64% controls); parents, 
children, or sibs (28% patients and 26% controls); and 
{ other relatives or friends (9,5% patients and 11% con¬ 
trols). The reasons for no interview were the inability 
to locate the next of kin (11%) and the respondent’s 
refusal to be interviewed (4.5%). Excluded from the 
- study were individuals with completed questionnaires 
who had incomplete information (2%), or lived, in 
Tidewater less than 5 years (3%), or did not qualify 
as cases or controls (2%). The final study group 
thus consisted of 336 lung cancer patients, 64 larynx 
cancer patients, and 361 controls, most of whom were 
long-time residents of the coastal area (median, 41 yr). 

The RR (odds ratios) of lung and laryngeal cancers 
associated with employment in the shipbuilding in¬ 
dustry were estimated (6), RR estimates were deter¬ 
mined for '’usual” or "ever” shipyard employment and 
for different time periods of initial employment to 
contrast long-term with short-term employment and 
work begun before and after 1950. Shipbuilding was 
said to be the individual’s “usual” or "career” employ¬ 
ment if work in that industry was reported to be longer 
than any other; otherwise, it was termed ‘‘noncareer.” 
RR were categorized according to race (white and 
black) and three cigarette smoking categories: I) never 
smoked, usually smoked less than one-half pack/day, 
or quit smoking at least 10 years prior to death; 2) 
usually smoked One-half pack to 1S4 packs/day or 
smoked but amount unknown; or 3) usually smoked 2 
or more packs/day. RR adjusted for these factors were 
estimated and tested for significance (7), and approxi¬ 
mate 95% confidence limits were calculated (8). 

RESULTS - 

Lung Cancer 

The age-adjusted death rates for lung cancer were 


Table 1 .—Deaths attributed to lung cancer in 1976 among male 
residents of Tidewater Virginia according to age and race 


Age. yr 

White 

Black 

No. of- 
deaths 

Mortality 

rate" 

No. of 
deaths 

Mortality 

rate” 

<40 

3 

1.0 

2 

1.5 

40-49 

22 

45.3 

11 

64.3 

50-59 

61 

143.4 

43 

248.8 

60-69 

92 

356.7 

38 

334.7 

2:70 

101 

664.5 

32 

500.1 

Total 

279 

89.1 6 

126 

92.1'’ 


" Deaths,'10’. 

6 Age adjusted with the use of the 1970 U.S. population as 
standard. 


Table 2. —Numbers of lung cancer patients and controls ever 
employed in the skipbuilding industry and RR according to 
carter involvement and date of initial employment 


Shipbuilding 

Employed 

before 

1950 

No. of 
patients 

No. of 
controls 

RR" 

Never employed 

• - ' 

224 

266 

1.0 

Employed at some 

No 

9 

12 

0.9 

time, but not usual 

Yes 

52 

38 

1.6 

industry’ (non¬ 
career) 

Usual industry 

No 

8 

8 

1.2 

(career) 

Yes 

43 

37 

1.4 


“ RR are adjusted for race, and relative to those of individuals 
never employed in shipbuilding. 


89.1/10 5 .among white males and 92.1/10 1 among black 
males (table 1), which exceeded the 1976 national rates 
of 66.7/10 5 and 83,6/10?, respectively. Compared to 
U.S. race- and age-specific rates, mortality among 
white male Tidewater residents was elevated at all ages, 
with the greatest differences at ages 70 years arid over. 
The high rates among blacks were limited to ages 
50-59 and 70 years and oyer. 

The interviews revealed that 33% of the lung cancer 
patients had worked at least 6 months in the shipbuild¬ 
ing industry; for 15%, shipbuilding was their usual 
industry of employment. The corresponding percent¬ 
ages were lower' for the controls (25 and 12%). As 
shown in table 2, the increased risk of lung cancer was 
essentially limited to individuals who had begun ship¬ 
yard employment before 1950. 6 Among those first 
employed before 1950, the RR was 1.4 for career and 
1.6 for noncareer employees, with no trend of increas¬ 
ing risk with increasing duration of employment. The 
median number of years in the shipbuilding industry 
for those beginning work prior to 1950 was 29 years for 
the career employees and 4 years for the noncareer 
employees, most of whom began and ended employ¬ 
ment around the World War II period. These men were 
employed in a variety of shipyard trades (table 3). 

The higher RR of lung cancer associated with 
shipyard employment begun before 1950 was not ac¬ 
counted for by cigarette smoking. RR associated with 
shipbuilding were elevated in each of the three smok¬ 
ing categories (table 4). The largest excess risk was 
among heavy smokers, which suggested a synergism 
between these two risk factors. The summary RR for 
shipyard work initiated before 1950, after adjustment 
was made for race and cigarette smoking, was 1.7 with 


1 A finer breakdown by year of initial employment did not reveal 
any trend of increasing risk with increasing duration from onset of 
employment within either the group first employed before 1950 or 
the group employed in or after 1950. The case/corttro! ratios for first 
employment during the periods <1930, 1930-34. 1933-39, 1940-44, 
1945-49, 1950-54, 1955-59. and 1960+ were, respectively, 15/13, 10/7, 
16/18, 54/24, 13/7. 5/10, 3/5, and 7/5, with unknown years {but 
before 1950) for 7 patients and 6 controls and {after 1950) for 2 
patients and 0 controls. 
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Table 3 .—Shipyard trades prior to 1950 among lung cancer 
patients arid controls 


Shipyard-trades / p N a °tiH(%) control (%) 

Pipecoverer 0 (0.0) 1 (1.2) 

Pipefitter 4 (3.61 1 (1,2) 

Boilermaker 3 (2.7) 2 (2.4) 

Shipfitter 7 (6.3) 2 (2.4) 

Machinist, mechanic 17 (15.3) 10 (11.8) 

Sheet metal worker, 2 (1.8) 4 (4.7) 

stfeel worker 

Welder, burner 11 (9.9) 9 (10.6) 

Electrician 5 (4,6) , 10 (13.8) 

Rigger 7 (6.3) 2 (2.4) 

Carpenter, painter 9 (8.1) 7 (8.2) 

‘ Supervisor, foreman 2 (1.8) 5 (5(9) 

Laborer 13 (11.7) 16 (18.8) 

Clerk, designer, drafts- 7 (6.3) ;. 6 (7.1) 

man ' ' ‘ 

Other 6 17 (15:3) 7 (8,2) 

Not specified 7. (6(3) 3 (3.5) 

" The totals exceed the No( employed in shipbuilding prior to 
1950 by about 15% because persons with jobs in 2 or more trades 
were counted in each shipyard trade category. 

* Includes heavy equipment operator; watchman, policeman, or 
guard; fire fighter; boatbuilder; tester; chipper or caulker; forger; 
safety engineer; crane operator; diver; truck driver; storekeeper; 
plumber; and overhauler. 

approximate 95% confidence limits of 1.2-2-4. Little 
difference was seen in the risk ratios according to race; 
the smoking-adjusted RR was 1,7 for whites (95% 
confidence limits, ; 1.1-2.7) and 1.6 for blacks (95% 
confidence limits, 0.8-312). , 

Only a minority of the shipyard workers (18% of the 
patients and 23% of the controls) was reported to have 
handled asbestos during shipyard duties or in other 
industrial settings. Among those not reported to have 
handled asbestos, the RR of lung cancer, adjusted for 
race and smoking, for shipyard employment begun 
before 1950 was 2.0 (95% Confidence limits, 1.3-3.0). 
Among the men who were not employed in shipbuild¬ 
ing, 12 % of the patients versus 4 . 9 % of the controls 
reported asbestos exposure, typically in construction 
jobs. The adjusted RR associated with asbestos expo- 


Table 4. —RR of lung cancer associated with shipyard 
employment begun before 1950 according to cigarette 
smoking category 


Smoking 

category" 

Employed 
in shipyards 
before 1950 

. No. of 
patients 

No. of 
controls 

RR 6 

Never smoked, 

No" 

38 

103 

1.9 

light smoker, or 

Yes 

25 

36 

long-term ex¬ 
smoker 

Moderate smoker 

No" 

123 

126 

1.5 


Yes 

49 

32 

Heavy smoker 

No" 

63 

37 

1.8 


Yes 

21 

7 


“ See text for definition of categories. 
b RR are adjusted for race and relative to those of individuals 
never employed in the shipbuilding industry. 

" These persons were never employed in shipbuilding. 
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sure in this group was 2.2 (95% confidence limits, 

1.1-4.6). 


The annual age-adjusted laryngeal cancer mortality 
rates were 3.1 and 6.4/10 5 during 1972-76 for the white 
and black male Tidewater populations, respectively 
(table 5). These exceed the corresponding U.S. rates of 
2.8 and 4.6/10 s for this time period. The higher rates 
in Tidewater occurred at all ages in blacks but were 
limited to those 70 years of age and older in whites. 
Deaths among blacks represented about one-third of 
the lung cancer deaths but nearly one-half of the 
laryngeal cancer deaths. 

The interviews with next of kin of 64 larynx cancer 
patients revealed no overall excess risk, associated with 
shipyard employment. Thirteen (20%) of the patients 
had been employed in the shipbuilding industry before 
1950 and 1 patient (1.6%) after 1950, compared with 
21 and 5.5% of the controls. Racial differences were 
evident, however, inasmuch as 11 of the 13 patients 
were black. After adjustment was made for cigarette 
smoking, the R.R of laryngeal cancer for shipyard 
employment initiated before 1950 was 2.4 among blacks 
(95% confidence, limits, 1.0-5.9) and 0.23 among whites 
(95% confidence limits, 0.06-0.9). The RR for ship¬ 
building was higher among moderate or heavy smokers 
than among persons who smoked.less, especially among 
blacks (table 6). 

Of the 13 patients employed in the shipyards before 
1950, 3 were reported to have handled asbestos. Among 
the 50 patients never employed in shipbuilding, 4 
(8.0%) were said to have handled asbestos in other 
industries compared to 4.9% of the controls. All 4 
patients were white. •••• . • . 

Increased risks of laryngeal. cancer were associated 
with alcoholic beverage consumption among both 
blacks and whites. The RR associated with alcohol 
consumption were approximately the same in both 
cigarette smoking categories, consistent with a multi¬ 
plicative effect between these two risk factors (table 7). 
The RR for alcohol consumption, adjusted for race 
and smoking, was 2.6 (95% confidence limits, 1.1-6.2). 
Alcoholic beverage consumption among the 13 patients 


Table 5. —Deaths attributed to laryngeal cancer, 1972-76, among 
male residents of Tidewater Virginia according to age and race 


Age, yr 

White 

Black 

No. of 
deaths 

Mortality 

rate" 

No. of 
deaths 

Mortality 

rate" 

<40 

0 

' - 

0 

-1 

40-49 

4 

1.7 

6 

6.9 

50-59 

11 

5.4 

14 

16.9 

60-69 

14 

11.5 

13 

24.5 

■>io 

16 

22,0 

9 

29.0 

Total 

45 

3.1 s 

42 

.. 6.4 s 


“ Deaths/10 s . ... 

6 Age-adjusted with the use of the 1970 U.S. population as 
standard. 
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TABLE 0.— -R/J of laryngeal cancer associated with shipyard employment begun before. 1950 according la 

cigarette smoking category and race 


Race 

Smirking, 
category" 

Employed in 
shipyards 
before 1950 

■ No. of 
patients 

No. of 
controls 

. RR" 

White 

Never smoked, light smoker, 

No' 

8 

70 

■ 0.0 


' or long-term ex-smoker 

Yes 

0 

23 


Moderate or heavy smoker 

No" 

21 

99 

0.3 



Yes 

2 

28 

Black 

Never smoked, light smoker, 
or long-term ex-smoker 

No‘ 

Yes 

4 

2 

33 

13 

1.3 


Mixlerate' or heaw smoker 

No" 

17 

64 

3.1 



Yes 

9 

11 

" Sec text 

for definition of categories. 





Risks "are relative to those of individuals never 

employed in the shipbuilding industry. 



These: persons were never employed in shipbuilding. 




Table ?.■ 

—RR of laryngeal canter associated ivit 

h alcohol consumption 

according to cigarette 

smoking ca.i 

tegory avA race 

Race 

Smoking 

Alcohol 

No. of 

No. of 

RR‘ S ■ 

category 

consumption 

patients" 

controls" 

White 

Never smoked, light smoker, 

No 

3 

S 



or long-term ex-smokers 

Yes" 

5 

5 

i 


Moderate or heavy smoker 

No 

Yes" 

4 

19 

7 

To 

- ■ 3.3 

Black 

Never smoked, light smoker. 

No 

2 

7 



or long-term ex-smoker 

Yes' 

. . 3 

5 

2.1 


Moderate or heavy smoker 

No 

3 

4 

2.2 


Yes" 

. 18 

11 


Excludes. 7 patients and 6 controls whose drinking habits were not known. 

6 RR are for individuals reported to consume alcohol relative to those reported not to consume alcohol. 

. " Ever consumed 5 or more units (glasses or shots) of cither beer, wine, or liquor/wk for a period of >1 mo. 


employed in shipyards prior to 1950 was less than that three-fourths, of the mesothelioma patients had been 

among the controls: Drinking was reported for 4 shipyard employees, most beginning employment in 

patients^ 6 were said, not to drink, and the drinking the 1940’s. Their jobs within the shipyard were not 

habits of' 3 were unknown. limited to particular trades (although a higher than 

expected number were pipe coverers whose asbestos 
DISCUSSION exposures may have been intense), which suggests 

widespread exposure. This observation iT consistent 
The increased risk of lung cancer associated with with the finding of asbcstotic X-ray changes among a 

employment in Tidewater shipyards closely parallels large percentage of .current employees involved in a 

the results of a similar study in coastal Georgia (4) . variety of jobs in other shipyards (7i9). Furthermore, the 

; where a 69% excess of lung cancer was linked to work. multiplicative effect between shipbuilding and cigarette 

in shipyards that began operating in 1942 arid closed smoking in this study, as in the study in coastal 

after the end of World War II. In Virginia a 70% Georgia {? }, is consistent with the synergism between 

increase was associated with shipyard employment asbestos :and smoking on the risk of Jung cancer 

begun before 1950, with no appreciable difference in reported, .among asbestos workers (II, 12). . Hence as- 

risk between individuals who worked a limited period bestos probably conn ibuted to the excess, risk of, lung 

(usually during the War) and those whose careers were cancer among Virginia shipyard workers, 

spent in shipbuilding. The risk of lung cancer was not Laryngeal cancer has been reported as a consequence 

increased among the smaller number of men who of asbestos exposure from sources other than .shipyards 

began work in the industry after 1949. (13-15). A review of cases of cancer of the larynx in 

Although only a small percentage of the shipyard Liverpool showed an excess among dockyard workers 

workers was reported to have handled asbestos as part (16), but only a small increased risk of this cancer was 

of their on-the-job duties, indirect exposure to this associated with asbestos exposures in the Puget Sound 

agent may have occurred for a substantial proportion area near Seattle, Washington, where shipbuilding is 

of the work force. In a Tidewater survey .of meso-, also a major industry Findings from our study 

rhefiorna, a tumor usually caused by asbestos, the were mixed. The risk of laryngeal cancer was increased 

incidence rate was elevated fourfold among white among black shipyard workers but decreased among 

males (9). Interviews with next of kin revealed that whites, although the number of white laryngeal cancer 
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patients who were reported to have worked with 
asbestos in other industries was higher than expected. 
Tobacco and alcohol were identified as major risk 
factors in laryngeal cancer, a finding in accord with 
other studies (18). Data suggested that cigarette smok¬ 
ing, but not drinking, enhanced the risk of this cancer 
among shipyard workers, but the relatively small 
number of cases precluded further analyses to clarify 
interactions between risk factors. 

The comparisons in this report may have been 
affected by the lower response irate among'controls, by 
the publicity surrounding the issue of asbestos and 
cancer, and by next-of-kin interviews that limited the 
amount and detail of occupational data. Some inac¬ 
curacies may have resulted from; second -party reporting 7 
or from recalling events taking place 30 or more years 
before the interview. Nevertheless, the information for 
patients and controls, obtained in a similar manner 
with interviewers unaware of the status of the study 
subject, appeared adequate for broad categorization of 
responses so that these possibilities may not have 
produced major differences between patients and con¬ 
trols. Thus employment in Tidewater shipyards during 
the 1940’s seems at least partly responsible for the 
increased risk of respiratory cancer in the 1970’s. 

Inasmuch as controls have been instituted to reduce 
asbestos exposures in shipyards (20), the incidence of 
mesothelioma and lung cancer should eventually de¬ 
cline in coastal areas of the country such as Tidewater 
Virginia. The absence of an increased risk among men 
who began employment after 1949 is encouraging, but 
sufficient time may not have elapsed for respiratory 
tumors to be expressed in this cohort (21). This 
possibility may eventually be seen, because pleural and 
pulmonary abnormalities have been observed in X-ray 
surveys of shipyard workers who first began employ¬ 
ment in the 1960’s (11). However, because of heavier 
asbestos exposures involving, larger numbers of workers, 
the more serious public health problem seems to result 
from employment during World War II, and the cancer 
risks among men who worked in shipyards in the 
1940's may continue to be high for some years before 
the impact of war-time exposures subsides. 


1 Comparisons of direct vs. next-of-kin responses in other studies 
(4, 19) y however, suggest that concordance for tobacco, alcohol, and 
' usual occupation may be - high, 
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